of the two-sample t test, however, showed that this difference was significant only at the 100-ms interpulse To monitor the reliability of synaptic transmission, we assessed the open-state probability of NMDA receptors interval (wt, n ϭ 5 cells; mutant, n ϭ 5 cells; two-sample t test, p Ͻ 0.05; Figure 2D ). in response to presynaptic stimulation. The rate of current decay caused by MK-801 is used as a measure for To examine long-term synaptic plasticity, we first assessed NMDA receptor function, which is required for presynaptic glutamate release and the ability of NMDA receptors to respond to the neurotransmitter [16] [17] [18] . To both LTP and LTD [1]. This was accomplished by monitoring EPSCs of the same cell before and after applicaisolate baseline NMDA-mediated currents, hippocampal slices from both genotypes were kept in CNQX (6-cyanotion of CNQX. At four different holding potentials (Ϫ70 to Ϫ40 mV, 10-mV steps), no differences were observed 7-nitroquinoxaline-2,3-dione), an antagonist of AMPA (␣-amino-3-hydroxy-5-methyl-4-isoxazoleproprionate) between genotypes in the time course and magnitude of the NMDA receptor-mediated currents as well as in receptors, and CA1 cells were held at -40 mV. Baseline NMDA receptor-mediated currents were closely similar the ratio of NMDA receptor-mediated to total synaptic current (two-sample t test, p Ͼ 0.05). Thus, NMDA recepat both wild-type and mutant synapses. Upon successive stimulation of the Schaffer collaterals in the prestors appear fully functional in contactin mutant mice. LTP was induced by high-frequency tetanic stimularesults demonstrate that contactin is selectively important for supporting LTD-associated synaptic plasticity. tion of the Schaffer collaterals after obtaining stable baseline recordings. This protocol produced consistent Lastly, we assessed the ability of contactin mutant synapses to depotentiate [20] . LTP was induced prior LTP of wild-type (n ϭ 10 cells) and mutant synapses (n ϭ 7 cells) ( Figure 3A) . The cumulative probability distrito the application of LFS. Both wild-type and contactin mutant synapses depotentiated after tetanic priming bution of LTP did not notably differ between genotypes ( Figure 3B phosphatase ␤ (RPTP␤; [21, 23] ) and its alternative splice product proteoglycan phosphacan [24, 25] . To determine if RPTP␤/phosphacan is a candidate to interact with the contactin-Caspr complex in the hippocampus, we examined its distribution in contactin mutant mice using an antibody directed against the common extracellular domain [25] . As shown in Figures 7J and  7K , the uniform wild-type staining pattern of RPTP␤/ phosphacan was altered in the contactin mutant hippocampus. In particular, area CA1 displayed abnormal patches of RPTP␤/phosphacan expression in the stratum radiatum and stratum lacunosum moleculare (Figure 7K) . As the antibody used in this study recognizes all RPTP␤/phosphacan isoforms, and different forms may be expressed by neurons or glial cells, we could not discern the precise localization of RPTP␤/phosphacan in relation to specific cells or synapses. Our data, however, show that the contactin-Caspr complex is necessary for the proper localization of RPTP␤/phosphacan in the hippocampus and hence raise the possibility that
The electrophysiological impairments discovered in contactin mutant mice may provide important insight signaling mediated by interactions between these proteins may be necessary to support specific forms of into the understanding of distinct plasticity forms. Contactin-deficient synapses show reduced PPF, a form of synaptic efficacy.
short-term plasticity that is attributed to presynaptic calcium accumulation [19] . This defect may result from Discussion abnormalities in the function of the neurotransmitter release machinery or from altered calcium regulation. We The work presented here is the first to implicate contactin with a function in synaptic plasticity. Whole-cell established that transmitter release probability is unaltered in contactin mutants, leaving us to suggest that recordings from CA1 pyramidal cells revealed that mice with disrupted contactin gene expression are specifithe impairment of PPF is associated with defects in calcium handling. Indeed, reductions in PPF can also cally impaired in PPF and LTD. Surprisingly, ablation of contactin has minimal effects on the development of be induced by raising the extracellular calcium concentration [26] [27] [28] [29] [30] . Further analysis may provide evidence synaptic ultrastructure in area CA1 and leaves the machinery for basal synaptic transmission and NMDA refor such a defect in contactin mutant mice. A fascinating discovery is that contactin mutant mice ceptor function intact. plex is to recruit and stabilize RPTP␤-bearing processes (glial or neuronal) at hippocampal synapses ( Figure 7L ).
Golgi Impregnation Golgi impregnation was performed using a modified Golgi technique
Evaluating our data in light of published work on LTD, that intermingle between synapses. Second, the reduc-
